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Abstract 
Steel moment resisting frames are widely employed in regions of high seismic risk to resist seismic forces. 
Comparisons among different analytical investigations show that geometric characteristics of connection parts have 
great influences on connection’s behavior. In order to evaluate this issue, a special connection is detailed that consists 
of a top and a bottom flange plate which is fillet welded to beam flange and groove welded to column flange. This 
connection is considered as an exterior connection.  
Beam is the most important part of connection, so we focused on varying the depth of the beam. Considering that, 
this parameter isn’t independent in rolled shape profiles, i.e. when beam depth increases, the thickness of flange and 
web will increase at the same time, we cannot examine the effect of beam depth alone. Therefore, we have used the 
plate girder instead to consider beam depth separately. All of models are designed according to AISC 360-05 
provisions.  
Three-dimensional nonlinear finite element analyses of the connections were carried out. The results show, when 
beam depth increases, strength increases too, but stiffness and ductility decrease significantly. On the other hand, 
fracture potential of connection changes significantly. 
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1.  INTRODUCTION  
Before the Northridge earthquake on January 1994, welded steel moment resisting frame (SMRF’s) 
were commonplace in seismic regions. After the discovery of brittle failures and unexpected performance 
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of connection several investigations carried out immediately. Consequently, some different types of fully 
restrained connections were proposed. One of these proposed details was welded flange plates connection.  
Few experimental studies on flange plate's connections were reported prior to “SAC steel project”. 
Although reports showed great results but experiments were not performed in the widespread range of 
beam section size. Popov and Pinkney, 1969, examined models with the W8×20 beams particularly. 
Models tested after the Northridge earthquake has been fabricated in limited range of beam section size. 
For example Whittaker and Gilani, 1996, or Kim et al., 2000, experimented models which fabricated with 
W30×99 beams. Subsequently the effect of beam depth on behavior of connection such as, strength, 
stiffness and ductility has not been considered distinctly. More ever, FEMA 350 suggests that beams must 
be shallower than W36. It has not been argued if connections with very deep beams or too shallow beams 
provide minimum Building Codes requirements or not. 
So we are going to examine the effect of geometric characteristics of beam on steel beam-to-column 
connection characteristics. These characteristics are classified in according to AISC 360-05 such as 
strength, stiffness and ductility.  
We have considered 4 exterior connections in special moment frame which is designed according to 
AISC 360-05 and AISC 341-05. Furthermore, IBC 2006 is taken into account to Control story drift of 
frames. Nonlinear finite element analysis was used to evaluate the effect of beam depth on overall 





                                                 
                 
 
(a)                                                                                                                                          (b)                                                                          
Figure 1. (a) flange plate connection; (b) Top flange plate geometry 
2. NUMERICAL MODELS  
To consider the practical aspects, the models were selected from exterior connections of a 10 stories 
2D frame (Figure 1). The numerical models were designed according to AISC 360-05 and AISC 341-05 
provisions. The test set-up was considered in accordance with SAC proposed characteristics. Dimensions 
of all models are presented in Table 1. It seems column section size has a significant influence on beam-
to-column connections behavior. In addition, connections with heavier beam section have heavier column 
section.  Hence, we determine an important stipulation that limits column-beam capacity ratio. Thus, in 
all models, panel zone strength to beam strength ratio is constant.  
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3. FINITE-ELEMENT ANALYSIS  
The finite element model used in this study is composed of 8-node brick incompatible full integration 
element because of the improved capability of the incompatible mode formulation to model bending of 
thin plates (HKS 2008). A fine solid-element mesh is used to model panel zone region more accurately 
and a coarse solid-element mesh is used to model remainders of the subassemblies (Figure 2). The 
analyses account for material nonlinearities through metal plasticity theory based on the Von Misses yield 
criterion.  
Table 1: Characteristics of models 
Specimen 
Beam size Column 
size 




plate Double plate Web Flange W1 W2 Length thickness
FE01 25×1 20×1.5 IPB260 23 17 40 1.8 40×23×1.8 22.5×11×1.8 55×22.5×0.6 
FE02 35×1 20×1.5 IPB300 25 17 50 2.2 50×25×2.2 26.2×13×2.2 65×26.2×0.8 
FE03 45×1 20×1.5 IPB360 25 17 55 2.2 55×25×2.2 31.5×13×2.2 75×31.5×0.8 
FE04 55×1 20×1.5 IPB450 25 17 65 2.6 65×25×2.6 35.2×13×2.6 85×35.2×1.2 
Kinematic hardening and geometric nonlinearities is assumed for cyclic analysis. The material is 
consisting of ASTM A572 Grade 50 constructional steel with an elastic modulus of 2.1×106 kg/cm2 and 
yield strength of 3515 kg/cm2. The ultimate tensile strength was considered 4570 kg/cm2 at 20% plastic 
strain. The analyses are carried out using the finite element computer program ABAQUS 6.8-1.  Cyclic 
load was applied to the beam tip in accordance with ANSI/AISC 341-05 (Figure 3). 
4. RUPTURE INDEX AND TRIAXIALITY RATIO INDEX 
Many failures occurred in groove weld connects flanges plate to column flange. To evaluate and 
compare potential of connections to brittle or ductile fracture, the indices of rupture and triaxiality were 
considered. These indices are beneficial to evaluate potential of connections for ductile or brittle fracture. 
The rupture index RI is defined as: 
 
                                                                                                                      
(1) 
Where ,   and  are the effective plastic strain, yield strain, hydrostatic stress and Von 
Misses stress, respectively. Equation (1) can be used to compare the potential for ductile fracture. (El-
Tawil et al 1999). The triaxiality index (TI) is defined as the hydrostatic stress  divided by Von Misses 
stress : 
                                                                                                                                             
(2) 
3004  A. DEYLAMI and A.R. ZANGOUIE / Procedia Engineering 14 (2011) 3001–3009
 
Figure 2: SAC loading history                                               Figure 3: Finite element model 
5. CONNECTIONS CLASSIFICATION 
5.1. Connection stiffness  
The connection stiffness can be defined as slope of the M-ș curve. Since the curves are nonlinear from 
the beginning, it is possible to define this stiffness on base of tangent stiffness or secant stiffness. AISC 
propose the secant stiffness Ks at service load for evaluating of connection stiffness. For usual structures, 
a secant approach will characterize reasonable results. Secant stiffness is c si r d as Ks=Ms/șs where 
Ms a șs are moment and rotation, respectively, at service loads.  
on de e
nd 
If ܭݏ=ܧܫ/ܮ 20, then the connection is considered as fully restrained. If ܭݏ=ܧܫ/ܮ 2, it is acceptable to 
consider the connection to be simple. The connections having the stiffness between these two limits will 
be partially restrained. L and EI are the length and bending rigidity, respectively, of the beam (AISC 360-
05). 
5.2.  Connection strength  
The strength of a connection is the maximum moment that it is capable of carrying. If in moment-
rotation curve, there isn’t a certain peak load, the strength can be taken as the moment at a rotation of 
0.02 radian (AISC 360-05). 
5.3. Connection ductility 
Connection ductility is a key parameter for connection especially when large rotations are expected. In 
this paper we used a comparative parameter which defined as șu/șy. șu is either rotation of connection 
when connection strength has dropped 20% or the connection has deformed beyond 0.03 radian. șy is the 
rotation in yield point. 
6. MOMENT-ROTATION HYSTERETIC CURVES 
Moment measured at the face of column versus inter story drift, panel zone rotation and joint rotation 
are shown in Figure 4. It can be seen that all specimens are capable of sustaining an interstory drift angle 
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at least 0.04 radian. Further, flexural resistance of the connections is greater than M (beam plastic 
moment capacity) of connected beam at inter story drift 0.04 radian so, ductility of system is controlled 
by beam in models FE02, FE03 and FE04 and panel zone remains elastic. Ductility of FE01 is not 
controlled only by beam because the connection strength marginally exceeds fully plastic moment of 
beam. 
 Stress and strain distributions of connection in the interstory drift angle 0.06 radians are illustrated in 
Figure 5 and Figure 6. It is noted, stress and strain are considered on basis of Von Misses criteria and 
equivalent plastic strain, respectively. As it is shown in figure 5 and Figure 6, beam depth has a 
significant effect on stress and strain distribution. For instance, stress magnitude has a descending trend 
so that stress in FE01 panel zone is greatly high but when beam depth is being increased, stress became 
less. On the other hand, in models FE03 and FE04 which have deeper beams, increasing the beam depth 
doesn't produce noticeable changes in panel zone stress distribution. Equivalent plastic strain distribution 
(Figure 6) shows that, the risk of failure in regions at top flange plate near column flange and longitudinal 
fillet weld attaching bottom flange plate to beam flange, for connections with shallower beam, is higher. 
In all models plastic hinge is located in beam, out of flange plates. Therefore, this type of moment 
connections has acceptable performance to be used in special moment frames (SMF). 
7. EFFECT OF BEAM DEPTH ON CONNECTIONS CLASSIFICATION 
As shown in Table 2, altering beam depth has considerable effects on strength, stiffness and ductility 
of connection. When beam depth is increased, connection strength increases while stiffness and ductility 
decrease significantly. It is considerable, special Moment frames (MRFs) are not 
Figure 4: Moment at the face of column versus. a) interstory drift b) panel zone deformation c) joint rotation 







Figure 5: stress distribution in 0.06 rad                                                 Figure 6: strain distribution in 0.06 rad 
impressed by strength and stiffness of connections significantly. Thus, we focused more on ductility of 
connections. By increasing beam height, designer must satisfy the provision of strong column to weak 
beam ratio, naturally column geometries are greatly altered and panel zone strength significantly changes. 
For instance, when beam depth is increased, column section becomes heavier. Consequently panel zone 
strength increases, also panel zone become less capable to dissipate energy than previous. Thus, 
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contribution of beam in formation of beam plastic hinge become more excessive and beam tolerates 
numerous local buckling far from the column face at the end of flange plates. As a result, panel zone 
yielding enlarges ductility of beam significantly. Therefore, ductility of joint diminishes. Thus, in the first 
glance, it seems logical that engineers design special moment frames(SMFs) with shallower beams, but, 
when panel zone inelastic deformation is relatively excessive, sever local kinks may develop at the beam 
or column flanges and  may cause crack propagation and fracture at the top flange weld in return 
(H.Krawinkler et al 1987). Also by increasing beam depth from 28 cm to 58 cm, behavior of connection 
tends to semi rigid behavior. 
Table 2: Strength, stiffness and ductility magnitude of models 
Model Strength stiffness ductility 
FE01 39.5 28.64 8.43 
FE02 69.97 23.38 3.98 
FE03 98.66 22.58 2.98 
FE04 135.4 20.68 1.74 
8. EFFECT OF BEAM DEPTH ON MOMENT CONNECTIONS 
The failure modes of the welded-flange-plate connection are shown in Figure 7. Failure modes include 
tensile fracture of the flange-plate or CJP weld, fracture of the fillet weld between the beam and flange-
plate, local and lateral torsional buckling, and excessive deformation of the beam or column (FEMA 
355D). By increasing of beam depth, excessive plastic deformation of beam observed distinctly. In 
addition, panel zone plastic deformation decreased considerably. For assessing the effect of beam 
geometry on fracture of CJP weld of top flange and fillet weld between the beam flange and top flange 
plate, we develop RI (rupture index) and maximum principle stress at definite nodes, as illustrated in 
Figure 7 (A,B,C are along width of top flange plate). RI and max principle stress of beam-to-column 
connections are shown in Table 3 and Table 4. Maximum principle stress at the center and corner of top 
plate and middle point of fillet weld represents descending trend. However, the end point of fillet weld 
shows an increase in amount of max principle stress conversely. These trends observed also in rupture 
indices of definite points except at the center of CJP weld of top flange plate that increases when beam 
depth is growing.   

Figure 7: Failure mode of flange plate connection 
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Consequently, fracture potential of connection at the corners of CJP weld of top flange plate which 
attaches flange plate to column flange and the middle of fillet weld which connects top flange plate to 
flange beam is increasing while beam depth is decreasing. On the contrary, fracture potential of center of 
CJP weld and the end of fillet weld are decreasing. Also, in connections with deeper beams we need 
heavy welding and it is likely forming micro cracks in CJP or fillet weld. Subsequently, brittle fracture is 
probable to be formed. 
Table 3: Maximum principle stress of models (Kg/cm2) 
Measured points FE01 FE02 FE03 FE04 
A,C 749 602 444 355 
B 1154 1005 866 641 
D 1307 951 942 927 
E 1163 3251 6072 6835 
Table 4: Rupture index of models 
Measured points FE01 FE02 FE03 FE04 
A,C 12.66 0 0 0 
B 79.15 30.4 52.22 66.25 
D 5 3.1 2.6 0.12 
E 84 122 128 134 
9. CONCLUSION 
The key conclusions drawn from this study are as follow: 
1. Connection strength increases when beam depth is raised while stiffness and ductility are 
decreased. 
2. With increasing beam depth, panel zone become less capable to dissipate energy thus contribution 
of beam in formation of beam plastic hinge become more excessive and beam tolerates numerous local 
buckling. 
3. Connection with deeper beam behaves much more as semi rigid connection. 
4. Fracture potential of connection at the corners of CJP weld of top flange plate attaching flange 
plate to column flange and the middle of fillet weld connecting top flange plate to flange beam is 
increasing while beam depth is decreasing. On the contrary, fracture potential of center of CJP weld and 
the end of fillet weld are decreasing. 
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